Iowa State Journal of Research 47.3 by unknown
IOWA STATE JOURNAL OF RESEARCH 
Contents, Volume 47 
No. 1 , August 1972 
BROOKS, TERRY. Robert Earle Buchanan   1 
LOWE, R. L. Diatom population dynamics in a central Iowa 
drainage ditch 7 
GOLIGHTLY, M. B. and A. F. CARLIN. Relation of precooking 
method and length of storage at 0° F to qual ity of turkey 
roasts   61 
POHL, R. W. New taxa of Hierochloe, Pariana, and Triplasis
from Costa Rica   71 
Index to Masters' Theses, 1971 to 1972   79 
Index to Doctoral Dissertations, 1971 to 1972   y3 
No. 2, November 1972 
KNIGHT, H. H, and J. C. SCHAFFNER. New species of Lopidea  Uhler 
from Mexico and the western United States (Hemiptera, Miridae). . 107 
SLAVIK, M. F. and W. P. SWITZER. Development of a microtitra-
tion complement-fixation test for diagnosis of mycoplasmal 
swine pneumonia   1 17 
CRISWELL, J. G. and R. M. SHIBLES. Influence of environment 
and leaf excision on gas exchange of oat leaves   129 
RUSSELL, W. A. Effects of exotic cytoplasms on agronomic charac-
ters of two maize inbred l ines   141 
SEITZ, W. K. and R. Q. LANDERS. Control led burning in relation-
ship to bobwhite quai l populations on a southern Iowa publ ic 
hunting area   149 
No. 3, February 1973 
MATHWIG, H. J. Food and population characteristics of Iowa 
coyotes   167 
SHAW, R. H, and P. J. WAITE. Dry and wet, July-August rainfal l 
areas in Iowa   191 
ZAGATA, M. D, and A. 0. HAUGEN. Pi lot Knob State Park: A 
winter deer haven  199 
No. 4, May 1973 
SHAW, R. H. Dew duration in central Iowa  219 
TANUDIMADJA, K. and N. G. GHOSHAL. The lymph nodes and lymph 
vessels of the thoracic wal l of the goat (Capra hircus)  229 
MENZEL, B. W. and M. S. BOYCE. First record of the pearl dace, 
Semoti lus margarita (Cope), from Iowa  245 
ROBINSON, W. H., 0. E. TAUBER, and R. E. LEWIS. Jean Luther 
Laffoon, 1922-1973  249 
NELSON, R. S. Measure for Measure as satiric comedy  253 
IOWA STATE JOURNAL OF RESEARCH 
vol. 47, No. 4 
STATEMENT OF OWNERSHIP, MANAGEMENT AND CIRCULATION 
(Act of October 23, 1962; Section 4368, Title 39, United States Code) 
Date of Fi l ing: September, 1972 
Title of Publ ication: Iowa State Journal of Research 
Frequency of Issue: Quarterly 
Location of Known Office of Publ ication: Press Building, Ames, Story 
County, Iowa 50010 
Location of Headquarters or General Business Offices of the Publ ishers: 
Press Bui lding, Ames, Story County, Iowa 50010 
Publ isher: Iowa State University Press, Merritt Bai ley, Business 
Manager, Press Bui lding, Ames, Story County, Iowa 50010 
Editor: El l is A. Hicks, 201 Beardshear Hal l, Iowa State University, 
Ames, Story County, Iowa 50010 
Owner: Iowa State University Press, Ames, Story County, Iowa 50010 
Known Bondholders, Mortgagees, and Other Security Holders Owning 
or Holding One Percent or More of Total Amount of Bonds, 
Mortgages, or Other Securities: None 
certify that the statements made above by me are correct and complete. 
Merritt Bai ley 
Business Manager 
ERRATUM 
The fol lowing corrections are hereby made in the paper by J. G. Cris-
wel l and R. M. Shibles (1972), "Influence of sink-source on flag-leaf net 
photosynthesis in oats," Iowa State Journal of Science, 46: 405-415. 
The first symbol in the legend of Figure 1 should be a sol id circle 
instead of an open circle. The figure legend should read as fol lows: 
Figure 1. Net photosynthetic rates of oat flag leaves of varieties 
Burnett (A and B, top) and Richland (C and D, bottom), plotted 
as a function of time. Each point represents an individual meas-
urement on four flag-leaf midportions. Days 1 and 32 correspond 
to June 11 and July 12, 1969; the black bar indicates the dates 
treatments 2, 3 and 4 were appl ied. •, x, o, ~, and ~ indicate 
control and treatments 2-5 respectively. 
Robert Earle Buchanan, Professor and Dean Emeritus, Iowa State 
University. His editorship and other assistance are insepara-
ble from the success of the Iowa State Journal of Science. In 
acknowledgement of his service, the first issue of the Iowa 
State Journal of Research is dedicated to Dr. Buchanan. 
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FOOD AND POPULATION CHARACTERISTICS 
OF IOWA COYOTES 
Herbert J. Mathwig2
ABSTRACT. An al leged increase in coyote (Canis latrans) depredations on 
l ivestock in southwest Iowa provided stimulus for a food and population 
study of this species. Between 1970 and 1972, contents of 151 stomachs 
and 147 scats were analyzed. Principal foods in the stomachs by percentage 
volume were as follows: rabbits, 70.6; l ivestock, 14,0; mice, i0.5; and 
birds, 4,2. Principal foods in the scats by percentage volume were the 
following: plant foods, 29.2; rabbits, 27,6; mice and rats, 24.6; and 
l ivestock, 7.4. The results of this study demonstrate that Iowa coyotes 
are neutral or beneficial in at least 85% of their diet, while 15% of 
their diet may have detrimental effects, A total of 139 coyote canine 
teeth were sectioned and aged to give an indication of the population 
structure in Iowa. Of these 64% were one year-old, 15% two years, 14% 
three years, and 7% more than three years old, The high number of young 
animals suggests heavy hunting pressure on coyotes in certain local ities 
in southwest Iowa. Bounty data show that the money paid for coyote 
bounties has increased in recent years. The increase in bounties from 
1865 to 1970 indicates that the carrying capacity for these animals has 
not yet been reached in Iowa; however, this may also reflect increased 
interest in hunting of coyotes, 
INTRODUCTION 
For many years the coyote (Canis latrans) has been a subject of 
confl icting interests in the minds of farmers, sportsmen, and legislators 
in Iowa. During the past decade reports have increased by farmers in 
southwest Iowa that coyotes have killed poultry and l ivestock. The first 
bounty law in Iowa was enacted in 1858 (Waller and Errington, 1961). 
Mammals included in this bounty law were timber wolf (Canis lupus), coy-
ote, bobcat (Lynx rufus), and lynx (Lynx canadensis), Since that time 
the coyote, considered a renegade ki l ler, has been subjected to constant 
hunting and trapping pressures. 
The coyote's current geographic range extends from Alaska to Central 
America and from Cal ifornia to New York (Walker, 1968), In Iowa the 
coyote (also known as "prairie wolf" or "brush wolf") inhabits ecotonal 
areas along brushy ravines, timbered areas, and open farmland, These 
animals are scarce in northeastern Iowa, whereas they commonly occur in 
the southwestern half of the state as indicated by bounty records. 
An al leged increase in depredations to l ivestock provided a stimulus 
for a food-habits study of the coyote. This two-year study was initiated 
with the fol lowing objectives in mind: (1) to investigate food habits of 
Iowa coyotes, (2) to determine the economic impact of coyote depredations 
upon Iowa agricultural interests, and (3) to gain information on coyote 
population structure and status, 
{Journal Paper No. J-7434 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa, Project 1855. 
2Formerly Department of Zoology and Entomology, Iowa State University, 
Ames, Iowa 50010. Present .address: Environmental Science, Moraine 
Val ley Community Col lege, Palos Hills, I l l inois 60465. 
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The author wishes to acknowledge Dr, Michael K, Petersen for guidance 
and counsel ing throughout this study, I also acknowledge the assistance 
of Dr, Mi lton W, Wel ler, Dr. Roger Q, Landers, and Tom Berkley, Jens Bruun, 
Hol l is Perrin, Raymond Hutchison, Jerry Stone, Bonnie Jenkins, and my wife, 
Linda, for help in various aspects of this study 
MATERIALS AND METHODS 
Information was col lected from several sources. Laboratory examina-
tion of stomachs and scats (fecal material) comprised the major part of 
this study, Data on population structure were derived from an analysis 
of canine-tooth cementum-layers. Information on the economic impact of 
coyote depredations on l ivestock was obtained from bounty records and 
domestic l ivestock claims. Personal interviews and correspondence with 
sportsmen, farmers, and fur buyers provided supplementary data on the 
economic impact of coyote depredations. 
Stomachs were collected by the investigator during January through 
March from coyotes killed in southern Iowa, Before removal of stomachs, 
the sex, weight, date of ki ll , method of ki l l , and county were recorded 
for each coyote, Stomachs were then preserved in wide-mouth gallon jars 
containing 10% formal in, A total of 151 stomachs was obtained from 13 
counties, In general the analyses fol lowed standard food habits proce-
dures (Martin, 194g), The stomach contents were washed and thoroughly 
dried in an oven at approximately 130°F for 24 hours, Food items were 
then separated and identified, and the volume of each was ascertained, 
A total of 147 scats, col lected from five counties, was obtained in 
April through October. They were dried at approximately 130°F for 24 
hours, Components were then separated and identified, and the volume of 
each was determined. A reference hair collection and the bird collection 
at Iowa State University were used to substantiate identification of hairs 
and feathers. 
Coyotes were aged by analysis of canine-tooth cementum-layers 
(Linhart and Knowlton, 1967). The distal portion of each mandible was 
removed, then heated in boil ing water to facil itate extraction of teeth, 
Canines were then decalcified and stored in 70% alcohol. The crown of 
each tooth was severed at the gum l ine, and measurements were made of the 
width of the pulp cavity and the combined widths of the dentine and cemen-
tum. Measurements were made perpendicular to the longitudinal axis of the 
tooth by use of a Hel ios cal iper and a binocular dissecting microscope, 
Tooth roots were then sectioned longitudinal ly at widths varying 
between 8 to 16 microns by use of an International cryostat (Model CTI). 
Sections were stained with Paragon stain, placed on glass sl ides, and 
mounted in Permount, and ultimately were examined microscopical ly. 
In 1970, 120 questionnaires were sent to farmers who had filed 
domestic l ivestock claims in Ringgold and Lucas counties, The question-
naire briefly explained the study and provided space for the farmer to 
indicate type and amount of loss and to what predator the loss was attri-
buted, In addition, many farmers, .sportsmen, trappers, and fur buyers 
were interviewed incidental to col lection of other data. The information 
from these discussions was used to substantiate or refute information 
obtained from other data col lected, 
RESULTS 
Analysis of Stomach Contents 
During the two-year study, a total of 151 coyote stomachs was examined, 
Seventy-seven stomachs were col lected in 1970 to 1971 ; 74 were obtained in 
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1971 to 1972. Of these, eight stomachs were empty and eight contained 
only roundworms. An additional 21 stomachs contained food items in 
trace (T) amounts (less than 0.5 cc), so volumetric measurements were not 
taken on 37 stomachs. Although col lected from 13 different counties, 
most stomachs came from four counties (Fig. 1), They were col lected 
during January, February, and March, which is the prime time for hunting 
coyotes in Iowa, Of the 151 stomachs, 86 were from males, 63 were from 
females; sex was not determined on two carcasses, Males ranged in weight 
from 22,0 to 37,0 pounds (X = 29,6 pounds). Females ranged in weight 
from 14,5 to 29,5 pounds (X = 24,4 pounds). Tables 1 and 2 show stomach 
contents for the two years separately. Table 3 shows the combined results 
for both years. Each food item is presented by percentage occurrence and 
volume, 
Principal foods 
Cottontail rabbits were the most important food during the two years 
covered by this study, They represented 70,6% by volume, and 59.6% by 
occurrence in al l stomachs. The percentage occurrence and volume of 
rabbits varied l ittle annual ly, 
Livestock ranked second volumetrical ly, occurring in 31.1°I° of the 
stomachs and comprising 14,0% of the volume for both years combined, 
Pigs accounted for most of the occurrence and volume, but cows and sheep 
also were present, Little variation was noted in occurrence between the 
years, but the volume more than doubled the second year. 
Mice (Cricetidae) provided the third most important food source 
volumetrical ly, About three-eighths (37.7%) of the coyotes fed on this 
group, which constituted 10.5%° of the total volume during both years. 
Three species were identified, but only meadow mice (Microtus sp,) were 
important, Mice differed sl ightly from yea r. to year in occurrence, 
whi le the volume was almost four times as great the first year. 
Other mammals were relatively unimportant, constituting 6,0% by 
occurrence and only a trace in volume. Raccoons, badgers, gray foxes, 
fox squirrels, and skunks were included in this group. The volume 
remained unchanged between years, whereas the occurrence was sl ightly 
higher in 1970-71 , 
Birds, including poultry, were the fourth most prominent group by 
volume. They occurred in 21 ,2% of the stomachs and accounted for 4.2% of 
the volume for both years combined, The percentage of birds varied l ittle 
annually, The most important bird was the pheasant. In addition to pheas-
ants and chickens, quai l , starl ings, and great horned owls were eaten by 
coyotes, 
Plant foods occurred in almost two-thirds of the stomachs (64,2%), 
but comprised only 0,3% by volume. Of the total of 12 different plant 
foods identified, grass was the most common constituent, occurring in 
51,7% of the stomachs, As a group, there was l ittle variation in plant 
foods consumed between years. 
Invertebrates appeared in 2,0% of the stomachs as trace amounts, 
They varied l ittle between years and were of no importance other than 
indicating the presence of carrion in a few cases, Flesh fly pupae and 
a checkered beetle were the only insects found, Nematodes were found in 
54,3% of the stomachs in trace amounts. The percentage varied l ittle 
between years, Miscel laneous items, including stones, lead shot, dirt, 
rubber, bark, string, and leather, were found in 13.9% of the stomachs in 
trace amounts. Lead shot (from dead or crippled animals) occurred in 
five stomachs, This was not shot that had kil led the coyotes. 
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Table 1. Contents of 77 coyote stomachs col lected in 1970 to 1971 
Percent 
Food Item Occurrence Volume 
Rabbits (63.6)a (71.1) 
Eastern cottontai l (Sylvi laqus floridanus) 63,6 (71.1) 
Mice (44,2) (14.6) 
Meadow mouse (Microtus sp.) 40.3 14,6 
White-footed mouse (Peromyscus sp,) 3.9 T 
Livestock (28.6) (9.0) 
Pig (Sus scrofa) 14.3 6.2 
Cow (Bos taurus) 1 1.7 2.6 
Sheep (Ovis cries) 2,3 0.2 
Birds (19.5) (5.2) 
Pheasant (Phasianus colchicus) 9.1 4.3 
Great horned owl (Bubo virginianus) 1.3 0.9 
Quai l (Col inus virginianus) 2,6 T 
Chicken (Gal lus gal lus) 2.6 T 
Passerine 1.3 T 
Bird, unclassified 2.6 T 
Plant Foods (62.3) (T) 
Grass 48.1 . T 
Leaves 2.6 T 
Oats (Avena sativa) 2.6 T 
Timothy (Phleum pratense) 1.3 T 
Barnyard grass (Echinochloa crusgal l i i) 1.3 T 
Giant foxtai l (Setaria faberi) 1.3 T 
Coralberry (Symphoricarpos sp.) 1.3 T 
Smartweed (Polygonum pensylvanicum) 1.3 T 
Dock (Rumex sp.) 1.3 T 
Plant, unclassified 1.3 T 
Other Mammals (9.1) (T) 
Raccoon (Procyon lotor) 2.6 T 
Badger (Taxidea taxus) 1.3 T 
Gray fox (Urocyon cinereoargenteus) 1.3 T 
Fox squirrel (Sciurus niger) 1.3 T 
Skunk (Mephitis mephitis or Spi logale putorius) 1.3 T 
Mammal , unclassified 1.3 T 
Invertebrates (1 ,3) (T) 
Flesh fl ies (Sarcophagidae) 1 ,3 T 
Nematodes (61.0) (T) 
Roundworms (Physaloptera sp.) 61 ,0 T 
Miscel laneous (10.4) (T) 
Lead shot 5,2 T 
Stones 3.9 T 
Dirt 1.3 T 
a Percentages in parentheses are totals for each broad category. 
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Table 2, Contents of 74 coyote stomachs col lected in 1971 to 1972 
Percent 
Food Item Occurrence Volume 
Rabbits (55.4)a (69.8) 
Eastern cottontai l (Sylvi lagus floridanus) 55.4 69.8 
Livestock (33.8) (22,8) 
Pig (Sus scrofa) 16.2 12,9 
Cow (Bos taurus) 16,2 9.9 
Sheep (Ovis cries) 1 ,4 T 
Mice (31 ,1) (3.8) 
Meadow mouse (Microtus sp.) 17,6 2.9 
White-footed mouse (Peromyscus sp,) 8,1 O,g 
House mouse (Mus musculus) 1 ,4 T 
Mouse, unclassified 4,1 T 
Birds (23.0) (2,2) 
Pheasant (Phasianus colchicus) 9.5 0.2 
Chicken (Gal lus gallus) 4.1 2,0 
Starl ing (Sturnus vulgaris) 1 ,4 T 
Gal l inaceous 2,7 T 
Passerine 1 ,4 T 
Bird, unclassified 4,1 T 
Plant Foods (66,2) (0, 8) 
Grass 55.4 0.8 
Corn (Zea mays) 5.4 T 
Ragweed (Ambrosia artemisiaefol ia) 2,7 T 
Stickseed (Hackel ia virginiana) 1 ,4 T 
Coralberry (Symphoricarpos orbiculatus) 1 ,4 T 
Other Mammals (2.7) (T) 
Raccoon (Procyon lotor) 1.4 T 
Mammal , unclassified 1.4 T 
Invertebrates (2.7) (T) 
Flesh fl ies (Sarcophagidae) 1,4 T 
Checkered beetle (Necrobia sp,) 1.4 T 
Nematodes (47.3) (T) 
Roundworms (Physaloptera sp,) 47.3 T 
Miscel laneous (17.6) 0.5 
Leather 2,7 0.3 
Bark 1.4 0.2 
String 10,8 T 
Rubber 1.4 T 
Lead shot 1.4 T 
a Percentages in parentheses are totals for each broad category, 
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Table 3. Contents of coyote stomachs col lected both years, 
1870 to 1872 
Percent 
Food Item Occurrence Volume 
Rabbits (59.6)a (70.6) 
Eastern cottontail (Sylvi laqus floridanus) 59.6 70,6 
Livestock (31.1) (14.0) 
Pig (Sus scrofa) 15.2 8.7 
Cow (Bos taurus) 13.9 5.3 
Sheep (Ovis cries) 2.0 T 
Mice (37.7) (10.5) 
Meadow mouse (Microtus sp,) 2g.1 10.1 
White-footed mouse (Peromyscus sp,) 6.0 0,4 
House mouse (Mus musculus) 0.7 T 
Mouse, unclassified 2.0 T 
Birds (21.2) (4.2) 
Pheasant (Phasianus colchicus) 9.3 2.8 
Chicken (Gal lus gallus) 3.3 O.$ 
Great horned owl (Bubo vir inianus) 0.7 0.6 
Quail (Col inus virginianus~ 1.3 T 
Starl ing (Sturnus vulgaris) 0,7 T 
Gall inaceous, Passerine & Bird, unclassified 6.0 T 
Plant Foods (64,2) (0.3) 
Grass 51,7 0,3 
Corn (Zea mays) 2.6 T 
Leaves 1 ,3 T 
Oats (Avena sativa) 1.3 T 
Coralberry (Symphoricarpos sp.) 1.3 T 
Ragweed (Ambrosia artemisiaefol ia) 1.3 T 
Timothy (Phleum pratense) 0,7 T 
Barnyard grass (Echinochloa crusgal l i i) 0,7 T 
Foxtail (Setaria faberi) 0.7 T 
Srartweed (Polygonum pensylvanicum) 0.7 T 
Stickseed (Hackel ia virginiana) 0,7 T 
Dock (Rumex sp,) 0.7 T 
Plant, unclassified 0.7 T 
Other Mammals (6,0) (T) 
Raccoon (Procyon lotor) 2,0 T 
Badger (Taxidea taxus) 0.7 T 
Gray fox (Urocyon cinereoargenteus) 0.7 T 
Fox squirrel (Sciurus niger) 0.7 T 
Skunk (Mephitis mephitis or Spi logale putorius) 0,7 T 
Mammal , unclassified 1.3 T 
Invertebrates (2,0) (T) 
Flesh fl ies (Sarcophagidae) 1,3 T 
Checkered beetle (Necrobia sp,) 0.7 T 
Nematodes (54,3) (T) 
Roundworms (Physaloptera sp.) 54.3 T 
Miscel laneous (13.9) (T) 
String, lead shot, stones, leather, dirt, 13.9 T 
rubber, and bark 
a Percentages in parentheses are totals for each broad category, 
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A chi-square, 2 x 5 contingency table (Snedecor and Cochran, 1g68: 
238) was used to compare data on stomach contents for both years, Only 
the most important groups (rabbits, l ivestock, mice, birds, and other 
mammals) were tested with respect to percentage occurrence and volume, 
For percentage occurrence, X2 = 3.51 (df 4, P>,05);for percentage volume, 
X2 = 7,38 (df 4, P>,05). Thus, coyotes' diets were essential ly similar 
in both years, even though local ities of col lection varied from one year 
to the next. 
Analysis of Scat Contents 
A l ist of food components from 147 scats is included in Table 4. 
These scats were col lected in five counties, mostly between Apri l and 
October (see Fig, 1) during 1970 to 1g72. Scat contents were divided 
into major food groups similar to those found in the stomachs. 
Plant foods occurred with a frequency of 85.7% and comprised 29,2% 
by volume of the scats, Mulberry was the most prominent plant food, 
Wi ld plum, corn, and chokecherry were the next most important foods in 
the diet by volume. Twenty-three additional plant food items occurred 
in trace amounts. The volume of plant foods in the scats was much more 
than in the stomachs, 
Cottontai l rabbits were the second most important item (by volume), 
occurring in 40,8% of the scats and comprising 27.6% by volume. These 
percentages were much less than those noted in the stomachs. 
Mice and rats ranked third in volume in both scats and stomachs, 
This group occurred in 38.1% of the scats and accounted for 24,6% of the 
volume, This volume was more than double that noted in the stomachs. 
Meadow voles were the most common mice in both scat and stomach contents. 
Livestock occurred in 20.4% of the scats and constituted 7.4% of 
the volume, These values are somewhat less than those noted for stomachs. 
Cows were the major constituent by frequency and volume. Pigs and sheep 
also were present, but in smal ler amounts. 
Other mammals represented in the scats included raccoon, deer, 
muskrat, and opossum, This group was more important in the scats than 
in the stomachs, with an incidence of 17.0% and 6,5% of the volume. 
Bird remains were sl ightly less important in fecal material than in 
stomachs, They occurred in 21.1% of the scats, while comprising only 
1.3% of the volume. Items included pheasant, quai l , chicken, and cardinal , 
Invertebrates were much more common in the scats than in stomachs. 
This group had a frequency of 34.7% and made up 1,0% of the volume. Most 
important in this group were grasshoppers. June beetles, flesh fly pupae, 
crayfish, bessbugs, and stink bugs also were identified. Snakes occurred 
in 1,4% of the scats in trace amounts. No repti les were found in the 
stomachs, Miscellaneous items had a frequency of 8,8% in the scats and 
comprised 1,8% of the volume. Included were paper, manure, stones, dirt, 
straw, rubber, candy, and string. 
Bounties, Domestic Livestock Losses, and Questionnaires 
Bounty funds are obtained from a mi l l tax levied against all people 
in a county that pays bounties. In recent years, because of an increasing 
number cf bountied animals (see Fig. 2), many counties have discontinued 
the bounty. Other counties have lowered the bounty for adult coyotes from 
$10 to $5, and some even to $2, 
Table 5 shows the money paid for bounties from 1gOg to 1970, The 
bounty data from lgo9 to 1937 are from Petersen (1940), and the data from 
1938 to 1959 are compi led from the biennial reports of the State Auditor. 
For 1g6o to 1g70, the l ist of bounty payments is compiled from records 
kept by the Wildl ife Section, Iowa State Conservation Commission. 
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Table 4, Contents of 147 coyote scats col lected in 1970 to 1972 
Percent 
Food Item Occurrence Volume 
Plant foods (85.7)a (29.2) 
Mulberry (Mouus sp,) 27.2 21.4 
Wi ld plum (Prunus americana) 4,8 4,1 
Corn (Zea mays 10,2 3,1 
Chokecherry (Prunus virginiana) 1,4 0,6 
Grass 57.1 T 
Twigs 4,8 T 
Juniper (Juniperus virginiana) 2,0 T 
Wi ld rose (Rosa sp,) 2,0 T 
Leaves 1 ,4 T 
Sumac (Rhus sp,) 1,4 T 
Wheat (Triticum aestivum) 1 ,4 T 
Ragweed (Ambrosia trifida) 0,7 T 
Wi ld buckwheat (Polygonu.m convolvulus) 0.7 T 
Green foxtai l (Setaria viridis) 0,7 T 
Russian thistle (Salsol i kal i) 0,7 T 
Hop (Humulus sp,) 0,7 T 
Sedge (Carex sp,) 0,7 T 
Blackberry (Rubus sp,) 0,7 T 
Sunflower (Hel ianthus sp.) 0,7 T 
Hackberry (Celtis sp,) 0,7 T 
Oats (Avena sativa) 0,7 T 
Sorghum (Sorghum vulgare) 0,7 T 
Smartweed (Polygonum pensylvanicum) 0,7 T 
Cornus sp, 0,7 T 
Pyrus sP• 0.7 T 
Ostrya sp. 0,7 T 
Nuts 0,7 T 
Plant, unclassified 0,7 T 
Rabbits (40,8) (27,6) 
Eastern cottontai l (Sylvi laqus floridanus) 40.8 27.6 
Mice and Rats (38.1) (24,6) 
Meadow mouse (Microtus sp,) 32,0 22.9 
Norway rat (Rattus norvegicus) 0.7 0,7 
White-footed mouse (Peromyscus sp.) 1,4 0.5 
Mouse, unclassified 4,1 0,5 
Livestock (20,4) (7,4) 
Cow (Bos taurus) 1 1,6 5.7 
Pig (Sus scrofa) 7.5 0.7 
Sheep (Ovis cries) 1,4 1.0 
Other Mammals (17.0) (6,5) 
Raccoon (Procyon lotor) 6,8 3.3 
Deer (Odocoileus virginianus) 3.4 2,6 
Muskrat (Ondatra zibethicus) 1,4 0.6 
Opossum (Didelphis marsupial is) 0,7 T 
Mammal , unclassified 4,8 T 
Birds (21.1) (1,3) 
Pheasant (Phasianus colchicus) 5.4 0.7 
Quail (Col inus virginianus) 1 ,4 T 
Chicken (Gallus gal lus) 1,4 T 
Cardinal (Richmondena cardinal is) 0.7 T 
a Percentages in parentheses are totals for each broad category, 
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Percent 
Food Item Occurrence Volume 
Birds (continued) 
Gal l inaceous 
Passerine 
Icterid 
Bird, unclassified 
Egg shel l , unclassified 
Invertebrates 
Grasshoppers (Melanoplus sp.) 
June beetles (Phyl lophaga sp,) 
Flesh fl ies (Sarcophagidae) 
Scarabaeidae 
Coleoptera 
Crayfish (Cambarus bartoni)
Bessbugs (Passal idae) 
Stink bugs (Pentatomidae) 
Reptiles 
Snake, unclassified 
Undetermined material 
Miscel laneous 
Manure 
Dirt 
Paper 
Stones 
Straw 
Rubber 
Candy 
String 
2.0 T 
2,0 T 
1,4 0.6 
5,4 T 
1.4 T 
(34.7) (1.0) 
25.9 l ,o 
3,4 T 
4,1 T 
1.4 T 
1,4 T 
0.7 T 
0,7 T 
0.7 T 
(1,4) (T) 
1,4 T 
(0.7) (T) 
(8,8) (1,8) 
1,4 0.7 
0,7 0.6 
2.7 0.5 
1.4 T 
0.7 T 
0,7 T 
0.7 T 
0,7 T 
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Table 5. 
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Iowa bounty data from 1808 to 1870 
Year Counties paying Coyote bounties Al l bounties 
1909 93 $ 9,506.39 $ 74,355.78 
1810 91 9,769.39 77,402.59 
191 1 95 9,465.60 61 ,542.98 
1812 g2 8,818.40 61 ,208.82 
1813 87 12,668.52 76,947.71 
1814 -- --- ---
1915 98 29,718.00 1 15,646.97 
1816 95 26,526.75 108,448.73 
1917 95 22,482.40 93,128.88 
1818 93 18,544.90 59,1 17.51 
1818 86 14,957.00 51 ,093.70 
1820 91 10,843,05 44,969.44 
1821 94 14,372.82 56,915.33 
1822 87 12,330.95 66,366.18 
1823 74 15,509.85 70,020.42 
1924 g2 18,108.75 87,229.90 
1925 90 14,272.60 92,292.25 
1826 83 1 1 ,462.30 79,827.58 
1827 87 1 1 ,751.65 72,555.68 
1828 85 12,908.75 72,146.25 
1828 80 8,985.50 74,019.47 
1930 79 9,704.20 96,724.56 
1831 81 10,928.14 157,865.00 
1832 85 12,832.60 188,937.76 
1933 71 5,372.25 48,614.06 
1934 63 3,647.80 28,108.82 
1935 70 3,550.05 29,458.96 
1936 62 4,154,40 32,427.85 
1937 70 5,635.72 47,800.05 
1938 64 4,586.50 104,879.58 
1939 52 4,671.05 85,739.86 
1940 55 3,423.00 63,902.36 
1941 54 3,343.55 48,809.46 
1942 52 3,815.60 41 ,036.24 
1943 53 4,337.00 35,450.84 
1844 74 8,862.70 43,232.60 
1845 80 20,002.95 63,248.21 
1846 72 22,922.90 94,858.08 
1947 77 28,265.75 99,439.90 
1948 79 23,181.00 92,528.97 
1948 67 18,916.00 101,058.32 
1950 73 17,531.50 105,723.70 
1951 67 15,034.60 101 ,480.34 
1952 66 13,601.80 147,684.54 
1953 59 8,819.35 151 ,444.95 
1954 60 1 1 ,013.50 145,359.83 
1955 63 13,773.00 148,745.50 
1956 57 14,775.00 149,582.03 
1957 4g 10,080.00 127,822.85 
1958 51 11 ,014.00 160,257.10 
1959 66 12,983.20 159,103.55 
1860 61 24,386.00 158,904.80 
1861 70 15,746.00 163,390.30 
IOWA COYOTES 179 
Table 5. (Continued) 
Year Counties paying Coyote bounties Al l bounties 
1962 59 $18,343.00 $138,440.45 
1963 6g 22,g1 1 ,0o 146,283,25 
1864 63 14,027.50 121 ,353.15 
1965 53 12,795.00 80,718,65 
1966 4g 14,794.50 77,169,60 
1967 38 17,501.00 75,880,16 
1968 36 21 ,352.50 67,483.86 
lg6g 41 32,936.50 72,5 17.49 
1970 41 33,870.50 63,703.33 
62 yrs. X=72,2/yr, X=$13,992.94/yr, X=$g1 ,203,43/yr. 
Coyote populations were estimated for Iowa from 1960 to 1970, based 
on bounty records (Tables 6,7), Because no reproductive tracts were 
analyzed in my study, data from Gier (1968) were used, It is assumed 
that his average values, based on the analysis of 2,059 reproductive 
tracts in Kansas over a 13-year period, are simi lar to what one would 
find in Iowa. 
Gier (1968) stated that population loss is the number ki l led for 
bounty (B) plus losses (R) from disease, parasites, accidents, and intra-
specific strife. Increase during the breeding season is the number of 
breeding females multipl ied by the average l itter size, The percentage 
of breeding females (P) and the average l itter size (L) were determined by 
examination of reproductive tracts (Gier, 1868), Bounties (B) are on record, 
and natural losses (R) can be estimated within reasonable l imits; thus the 
breeding population (N) can be calculated as N = 2 x (B + R)/ P x L. 
Gier (1968) states: 
"The annual increase can be derived by multiplying the 
average l itter size by the number of pairs of breeding animals, 
This may be expressed: increase = L x P x N/2 in which L is 
the average l itter, P is the percentage of breeding females, 
and N is the number of adults present at whelping time. The 
total population (T) at the end of the whelping season would 
be: T = N + (L x P x N/2) less losses that occurred in the 
meantime, so T = N + B + R," 
The 1970 to 1971 coyote-harvest survey data in Iowa indicated that 
80% of the coyotes ki l led were bountied (Andrews, pets, comm,). Gier's 
(1968) personal observations and the reports from hunters indicate that 
natural losses account for approximately half the total number taken by 
hunters. Therefore, the animals taken by man (B), plus natural losses 
(R), must be equal to the annual production, or the total population must 
fluctuate. 
Gier (1968) found average production losses (R) beyond bounties (B) 
to be 0.40 (with average reproduction); the average percentage (P) of 
breeding females to be 44; the average l itter size (L) 5,5; and the 
average increase per female (P x L) to be 2,50. Table 6, based on Iowa 
bounty records from 1960 to 1970 and on Gier's (1968) average values, 
shows number of animals bountied (B), breeding population (N), and the 
total population for the state of Iowa (T), 
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Table 7 gives the coyote density for Monona County. From 1g60 to 
1870 this county bountied the most coyotes in Iowa. After whelping, the 
greatest density averaged one coyote per 0.6 square mile. The greatest 
population density during late winter was one adult per 1.4 square miles. 
Table 8 shows the domestic claims paid in Iowa from 1gOg to 1861. 
The data from lgog to 1937 are from Petersen (1940); those from 1938 to 
1861 are compiled from the biennial reports of the State Auditor. After 
1861 , domestic l ivestock claims were no longer summarized for the state; 
they were kept individual ly by each county. Money paid for al leged 
l ivestock depredations comes from a dog-l icense tax. 
Table 8. Money paid for domestic 
from 1809 to 1961 
l ivestock losses (dogs and coyotes) 
Year Livestock losses Year Livestock losses 
1809 $40,375.08 1838 $174,625.01 
lglo 64,424.26 1939 139,277.54 
1811 66,098.29 1940 124,1 15.44 
1812 60,576.87 1841 148,357.1 1 
1g13 1842 185,51 1.88 
1814 1843 180,012.27 
1915 68,630.75 1844 205,981.83 
1816 145,023.96 1945 202,751.36 
1817 86,031.52 1846 197,677.71 
1818 104,268.41 1847 201 ,975.85 
1818 110,707.08 1848 221 ,202.25 
1820 82,325.09 1949 237,786.64 
1921 76,420.33 1950 233,899.53 
1922 103,350.08 1951 231 ,255.80 
1923 1 18,608.09 1952 274,435.04 
1924 147,668.75 1953 257,371.29 
1825 163,562.20 1954 238,654.55 
1826 170,944.37 1955 237,499.68 
1927 203,723.74 1856 219,459.80 
1828 98,678.35 1957 236,444.88 
1829 226,831.56 1858 284,364.23 
1930 230,583.32 1959 275,812,12 
1931 220,710.44 1960 267,087.23 
1932 177,473.25 1861 292,515.24 
1933 1 14,846.88 
1934 128,730.39 
1935 167,180.38 
1936 190,358.04 
1937 185,579.83 
53 years X = $173,192.13/yr, 
Of 120 questionnaires mai led to farmers who had fi led domestic l ive-
stock claims, 54 (45%) were returned. In general , the results were in 
agreement with the domestic claims from county courthouses; however, in a 
number of instances either there was no relationship or the number of 
animals lost was greatly exaggerated. More than 20% of the 54 question-
naires returned indicated losses to dogs. Because of inadequate responses, 
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slow returns, and discrepancies, the use of questionnaires was discon-
tinued. Further information on domestic claims was received directly 
from county courthouses. 
Age Structure in Coyotes 
A total of 139 canine teeth were examined in this study (Table g), 
Sixty-seven teeth were obtained in 1870 to 1871 , and 72 were col lected 
during 1971 to 1g72. These teeth were col lected from the same carcasses 
as were the stomachs, Data on coyote age structure from seven popula-
tions are included in Table g for comparison. Life tables were construc-
ted (following Mosby, 1863) from data on coyote age structure (Table 10), 
A chi-square, 2 x 4 contingency table (Snedecor and Cochran, 1868: 
238) was used to compare the two years of data on canine teeth for the 
first four age classes (1 ,2,3,4), Tests were made for the age classes 
as percentages composition of the total, For these percentage ages, 
X2 = 2.97 (df 3, P>.05). The test demonstrates that no statistical 
difference existed between the age groups for the two years, even though 
very few carcasses were col lected in the same counties both years. 
DISCUSSION 
Stomach Contents 
In the current study, rabbits were obviously the most important food 
item in coyotes' stomachs, They were particularly important when snow 
covered other food materials and obscured rodent activity. Livestock was 
an important winter food because other food items such as rodents and 
plant materials were not readily avai lable at that time, Sheep would 
probably be a more important food item had stomachs been taken during the 
lambing season (15 county courthouses were instructed to save stomachs 
during this time, but none were saved), 
Birds were a more important food item in winter than in summer. 
Availabil ity of crippled game birds after the pheasant and quail seasons 
may have been an influencing factor. The volume of plant foods and 
invertebrates was very smal l because of l imited availabil ity during winter, 
In this study 10,6% of the stomachs were empty or contained only 
nematodes, and 14% contained animal matter in trace amounts only, Other 
workers have noted that between 12 and 44% of the stomachs were empty or 
contained debris only (Sperry, 1g41 ; Ferrel et al„ 1953; Fichter et al „ 
1955; Korschgen, 1957; and Gier, 1968). These workers found that the 
principal foods included, by percentage volume, the following: rabbits, 
22.3 to 54.0; rodents, 6.g to 26,5; l ivestock, 8.g to 18,3; carrion 
(mostly l ivestock), up to 26.0; and birds, 2,9 to 17.7. 
The differences between these five studies and the Iowa study may be 
attributed partly to the following factors: (1) seasonal differences 
resulting from winter versus yearlong collection of data, (2) method of 
kill , (3) analysis technique, and (4) the method used for drying and 
displacement of stomach components. 
Scat Contents 
In my study, rabbits were less important in scats than in stomachs. 
This would be expected with increased availabil ity of other foods (mainly 
rodents and plant foods) during fall , spring, and summer. The most notable 
difference between scat and stomach contents was a large increase in plant 
foods. Grass was l isted as a plant food, although in most instances it 
was dead, This item may be expected to occur in stomachs of predators 
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Table 10, Life tablesa for coyotes in 1g70 to 1g71 , 
both years combined 
1871 to 1872, and 
1870 to 1971 
x d'x dx lx qx Lx ex
1 37 552 1000 552 724 1.38 
2 14 tog 448 467 344 1.47 
3 9 135 239 565 187 1.32 
4 4 59 104 567 75 1.23 
5 1 15 45 333 38 1.18 
6 2 30 30 1000 15 0.50 
x d'x dx 
1971 to 1972 
lx qx Lx ex
1 52 722 1000 722 639 1.00 
2 7 97 278 349 230 1.31 
3 l0 13g - 181 768 1 12 0.73 
4 3 42 42 1000 21 0.50 
Combined 
x d'x dx lx qx Lx ex
1 8g 640 1000 640 680 1.18 
2 21 151 360 41g 185 1.38 
3 lg 137 tog 656 141 1.02 
4 7 50 72 6g4 47 1.00 
5 1 8 22 364 18 1.14 
6 2 14 14 1000 7 0.50 
ax, age classes; d'x, number of dead animals; dx, number of deaths per 
thousand; lx, number of survivors per thousand; qx, mortal ity rate; 
Lx, mean number of animals l iving between successive age classes; 
ex, mean l ife expectancy in years. 
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that feed off a carcass on the ground or that capture and bolt terrestrial 
animals. Mice and rats were also much more prominent in the scats, 
Livestock remains were less important in scats than in stomachs, 
This food class was used less during summer because other food items 
(such as rodents and plant foods) were readily avai lable, Birds were 
less important in the scats. An influencing factor may have been fewer 
crippled or dead game birds present at this time of year. The greater 
importance of invertebrates, particularly in frequency of occurrence, 
may be attributed to higher population densities of grasshoppers and 
other insects during summer. 
Other studies of coyote scat contents have revealed principal contents 
to include (by percent volume): rabbits, 26,0 to 64,2; rodents, 16.9 to 
63.3; l ivestock, 1,2 to 1.9; birds, 0,4 to 4,7; and plant foods, 0.5 to 
13,1 (Korschgen, 1957; El l is, 1959). Differences between these studies 
and my study may be partly attributed to (1) seasonal differences resulting 
from date of col lection, (2) use of different study areas, and (3) anal-
ysis techniques. 
Detrimental Effects of Coyote Predation 
the most detrimental effect of coyote predation is loss of l ivestock, 
In this study, pigs and cattle constituted most of the 14,0% l ivestock 
volume in the stomachs and 7.4% of the l ivestock volume in the scats. 
Coyote predation on sheep and poultry was insignificant, Perhaps most 
controversial is the category "carrion" found l isted in many studies on 
food habits of predators. Interpretation is further compl icated by nat-
ural l ivestock losses, unretrieved or crippled game animals, discarded 
l ivestock and poultry, and highway-ki l led animals. In this study, al l 
domestic animals were grouped as l ivestock, not as carrion, Instances 
were noted in which the flesh was dried and hard, rotten, infested with 
flesh-fly pupae, contained lead shot, or occurred as refuse from butchering. 
Increased costs for rendering carcasses have caused many farmers to abandon 
dead l ivestock and poultry on their own land. This could be considered a 
poor farming practice, which may encourage predation and the spread pf 
disease. 
Some young l ivestock are ki l led by coyotes. Many dead individuals, 
however, probably are the result of natural mortal ity. Newborn l ivestock, 
when left with no protection, are very vulnerable to coyote predation. 
Farmers who place young animals far from a pen or barn, in an area with 
adequate coyote cover, should not be surprised to find some dead animals. 
Successful l ivestock raising general ly depends on careful penning practices 
along with specific coyote control (by use of steel traps, noise devices, 
fenced lots with floodl ights, etc,), Some sheep losses are definitely the 
result of coyote predation. Coyotes in local situations have developed 
sheep-ki l l ing techniques that provide them with a fairly steady diet, 
Sheep losses also are caused by dogs as wel l as by coyotes. In these 
local trouble areas habitual offending animals should be el iminated. 
Because many of the bountied coyotes in Iowa probably would be kil led 
by sport hunters, I recommend that the bounty money ($33,870.50 in 1970) 
be spent for support of a ful l-time extension trapper, who would expand 
the present extension trapper program in Iowa. .Some of this money could 
also finance research on other methods of coyote control , such as on chem-
ical repel lents to deter l ivestock predation, and on reproductive inhib-
itors, 
Another possible detrimental effect of coyote predation is potential 
loss of game species. Even though rabbits are an important coyote food 
item, predation seemed to have l ittle overal l negative effect on rabbit 
populations. Predation on other game species was insignificant. Pheasants 
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comprised most of the bird group; this species has thrived in exceptional ly 
high numbers in southwestern Iowa. The amount of suitable habitat seems 
to be the principal l imiting factor on pheasant populations in Iowa. 
Beneficial Effects of Coyote Predation 
Gier (1968) noted that, under average conditions, each coyote in 
Kansas requires approximately 300 pounds (140 cottontails) of rabbit meat 
a year. He further stated that an average coyote saves a farmer about 
$12 worth of grass yearly by removal of rabbits. Eadie (1954) found that 
each meadow mouse in a pasture or hay meadow eats approximately its own 
weight in grass each day and destroys as much as 25 pounds of grass a 
year. These rodents also do winter damage to shrubs, trees, and stored 
grain, Gier (1968) reported that an average coyote consumes 1 ,000 mice 
per year, saving the farmer $20 annual ly. Coyotes undoubtedly save Iowa 
landowners money by el imination of many rabbits and rodents. 
Another economic benefit of Iowa coyotes is their fur value, Cur-
rently, coyote furs are worth approximately $5 to $10 on the fur market. 
If the bounty (X = $6.38/pelt in 1970) .is added to the fur value, it 
becomes obvious that obtaining coyotes can be quite profitable in certain 
situations. The coyote also is quite beneficial as a scavenger. It 
el iminates unsightly carrion from natural l ivestock losses, sportsmen's 
losses, and highway ki l ls, thus reducing the possibil ity of spreading 
diseases. 
The recreational value that coyotes provide is economical ly impor-
tant. The 1970 to 1971 coyote harvest-survey data indicate 4,370 coyote 
hunters in Iowa (Andrews, pers, comm.). These hunters spend money on 
guns, ammunition, gas, two-way radios, and other hunting equipment. 
In addition to the economic aspects of coyotes, these animals provide 
an aesthetic value. Many persons in Iowa enjoy the coyote because of its 
cunning and wariness. Others l ike the coyote for its nightly howl ing. 
They consider coyotes as much a part of our wildl ife as any other species. 
Unnecessary destruction of these animals is condemned by these persons. 
The results of this study demonstrate that Iowa coyotes are neutral 
or beneficial in at least 85% of their diet, whi le 15% of their diet may 
have detrimental effects. This latter portion becomes less important 
once carrion is considered. 
Age Structure 
The lack of a rel iable method for determining age of coyotes has 
greatly curtai led studies of their population dynamics. Gier (1968) deter-
mined age from wear patterns on the canine and incisor teeth. Interpre-
tation of tooth wear patterns is somewhat subjective. Rates of tooth 
abrasion may be quite different among areas. A rel iable technique for 
determining coyote ages is described by Linhart and Knowlton (1967). 
Female coyotes have one l itter a year, usual ly in Apri l or May. 
Thus, coyotes col lected in the spring are one year old, two years old, 
etc.; while those col lected in the fal l are about six months old, 1 z 
years old, etc. The important difference between coyote age structures 
in this study and the other seven (see Table 9) is the higher percentage 
of animals less than one year old in Iowa (64% in Iowa and 41.1% mean for 
the other seven studies), Also, 93% of al l animals aged were three years 
old or less. This high turnover rate can probably be attributed to the 
intense hunting pressure in some areas of southwest Iowa. 
Table 10 shows that the mean expectancy of l ife is less for juveniles 
than for yearl ings because of the high juvenile mortal ity. The mean 
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expectancy of l ife is greatest at 1 z years (1 ,38 additional years) and 
least at 5 ~ years (0.5 additional years). The population seems to have 
a stable age distribution from ages 2 2 years to 4 z. These age classes 
have approximately one additional year of l ife (see combined results of 
Table 10), 
Population Trends 
The greatest coyote population density for Iowa during late winter 
was one coyote per 1 ,4 square mi les (Table 7). After whelping there was 
an average of one coyote per 0,6 square miles at the greatest density. 
Table 6 shows that in 1970, Iowa had an estimated breeding population of 
7,436 animals; the maximum population at the end of whelping was estimated 
to be 16,731. Other workers found coyote population densities to vary 
from one coyote per 0.25 square mi les to one coyote per 1.77 square mi les 
(Bennitt, 1948; Fichter et al., 1955; Gier, 1868; and Knowlton, 1969). 
On a statewide basis, Gier (1968) found the average breeding population 
in Kansas to be 40,000 and the maximum number at the end of whelping to 
be 100,000. 
Figure 3 shows that Iowa bountied the greatest number of coyotes in 
1970. It also demonstrates that bounties in Iowa have not stopped the 
coyotes' population growth. Laun (1971) and Cain (1971) point out that 
the bounty system on a nationwide basis has been highly ineffective in 
reducing losses to poultry and l ivestock and that it has fai led to 
achieve reduction in predator populations. Table 5 shows that (1) the 
number of counties paying bounties has steadi ly decreased from a high of 
98 to a current level of 41 and (2) the amount of money paid for coyote 
bounties has increased in recent years even though fewer counties are 
paying bounties. Bounties may actual ly be increasing the coyote popula-
tions through compensatory mechanisms (Errington 1943, 1946, 1956) by 
providing optimum conditions for greater reproductive success. The 
potential carrying capacity for coyotes in Iowa is unknown at present. 
The increased number of animals bountied from 1865 to 1970 suggests that 
the carrying capacity has not yet been reached, but this may also reflect 
increased interest in hunting of coyotes. 
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DRY AND WET, JULY-AUGUST RAINFALL AREAS IN IOWAI 
Robert H. Shawl and Paul J. Waite2
ABSTRACT, July and August rainfal ls in Iowa, coinciding with the peak of 
heating and evapotranspiration, are especial ly critical for crop produc-
tion, Consequently, areal and temporal evaluations of the characteristics 
of rainfal l in Iowa during those months from 1831 through 1970 was under-
taken to provide a cl imatological analysis for the potential effects of 
cloud seeding on crop production, This analysis, l ike that by Changnon 
and Huff (1971) for I l l inois, describes dry areas as those with 50% or 
less rainfal l compared with the 1931 to 1960 normal , and wet areas as 
those with 150% or more rainfal l compared with the 1931 to 1960 normal. 
Dry areas during July-August in Iowa were observed in 27 of 40 years 
(i,e., 2 of 3), and wet areas were observed in 35 of 40 years (7 of 8); 
both wet and dry areas were present in more than half the years (22 of 40). 
In contrast to the findings for I l l inois, Iowa does not experience an 
increased number of low-rainfal l days during dry spel ls, but experiences 
an actual decreased number of rain days at al l rainfal l threshold values 
of 0.01 , 0,1 , 0,25, and 0.5 inch. 
INTRODUCTION 
In almost every summer in Iowa, some areas show a significant depar-
ture from normal. These areas may be wet or dry, hot or cold. If any 
evaluation is to be made of the potential effects of cloud seeding on crop 
production, estimates of the size and frequency of the areas of major 
departure of rainfall from normal are one component of the evaluation. 
This paper summarizes the frequency and extent of these areas. Later 
work wil l involve the quantitative effect of possible seeding-induced 
rainfal l changes on crop yields and an assessment of the economic value 
of these yield increases. 
ANALYTICAL TECHNIQUES 
To provide as wide an area of appl ication as possible, the procedure 
used here is similar to the one used in a study conducted in I ll inois 
(Changnon and Huff, 1971). Frequent reference will be made to their 
results. The seasonal period used was July and August, a critical rain-
fall period for crop production in the Corn Belt. In the I l l inois study, 
dry areas were defined as those with less than 50% of normal July + 
August rainfall. That same definition is used here, with the normal 
based on the 30-year period, 1931 to 1960, the period now used for the 
1Journal Paper No. J-7439 of the Iowa Agriculture, and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1852. 
2Professor, Agricultural Cl imatology, Department of Agronomy, Iowa State 
University, Ames, Iowa; and Cl imatologist for Iowa, National Weather 
Service and Col laborator, Department of Agronomy, Iowa State University, 
Ames, Iowa. 
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cl imatological normals calculated by the National Weather Service. Al l 
stations were used for which normals have been computed by the National 
Weather Service, Also, normals were estimated for 45 additional stations 
that had relatively long records, although not for the entire 1931 to 
1860 period, To provide a better estimate for the border areas of Iowa, 
24 stations outside Iowa were also used. The period analyzed for dry 
areas is 1931 to 1970, which covers the so-cal led dry 30's, as wel l as 
the most recent decades of record, The I l l inois study included the period 
1931 to 1968. 
An additional factor was included in our analysis to provide an esti-
mate of the wet areas. For this purpose a wet area was defined as one in 
which the July + August rainfal l was 150% of normal , The period analyzed 
is 1831 to 1970. 
Data for each year for each station were plotted on maps as the per-
centage of normal , July + August rainfal l. Isol ines were drawn for the 
50% and 150% values by visual interpolation between stations. An example 
is shown in Fig, 1. Each dry and wet area was planimetered three times, 
with the average used to determine the area, 
The frequency of rains at each station for each year of amounts 
0.01 , 0.1 , ~ 0,25, and 3 0,5 inch was determined, (The last three 
intervals were used in the I l l inois study.) The rainfal l -amount frequency 
in each dry area was compared with the rainfal l -amount frequency for the 
period 1904 to 1970 for 10 Iowa stations. The data reported are for the 
mean frequency of rain-days per location in each dry area. 
RESULTS AND DISCUSSION 
The dry- and wet-area data are summarized in Table 1. The average 
total dry area in the state each year was 5,560 mil, an area equivalent to 
about 10 counties, (A county in Iowa averages about 575 mi2.) The median 
total dry-area size was 1 ,980 mil, sl ightly larger than a 3-county area. 
The largest total dry area was 41 ,270 mil in 1941 , with that same year 
having the largest individual area of 40,576 mil. The largest total dry 
area in I l l inois was about 20,000 mil, while the largest individual area 
was 19,200 mil. The total dry area for each year is summarized in terms 
of county-sized units in Table 2, Thirteen of the 40 years had no dry 
areas, which accounted for most of the occurrences of areas of less than 
county size. In I ll inois, 10 of 38 years had no dry areas; in Iowa, at the 
other extreme, 6 years had a total area greater than 20 counties: 1934, 
1936, 1941 , 1947, 1953, and 1967. 
Over the 40-year period 74 separate dry areas occurred in 27 different 
years. Years when dry areas have occurred have yielded an average of 
almost 3 areas. The median size of the 74 dry areas was 733 mil; the 
average size 3,010 mil. The comparable values for I l l inois were 435 mil 
and 1 ,461 mi~, where 75 individual dry areas occurred in a 38-year period, 
In Iowa, only 14 of 74 were larger than the mean, and 45 of 74 were larger 
than county size. 
A weakness of using only July + August rainfall to determine the 
l imits for a dry area is indicated by the 1956 data, In many areas this 
was considered a very poor crop year because of dry weather, yet there 
was no dry area as determined by this procedure, The low crop yields 
were the result of low subsoil moisture to start the season, plus below-
normal July + August rainfall , but not less than 50% of normal rainfall. 
Another point that appears is the pattern of the dry years, which 
obviously was not random, This is quite evident from Fig, 2 where a 
definite grouping of the dry years can be seen. Almost a cycl ic effect 
is evident if one looks at the occurrence of the years with large dry 
areas: 1936, 1941 , 1947, 1953, 1967. A peak in 1960 would have given a 
M 
01 
N 
M 
„ O 
U 
r 
N 
N 
RAINFALL AREAS IN IOWA 
a 
S 
„O 
<~ 
N 
O 
N 
N 
ti
N 
O 
N 
d ~ 
< _ 
v 
s 
i ~ 
N 
Q1 
N 
3 
 ~ $ 
i 
O 
V (~ 
0 O 
O 
z i N 
r 
cD 
N 
0 
I~~r- 7
;N 
c0 
7 O 
O 
O 
i ~ 
z 
t0 
N 
V 
M 
r 
h 
Y 
N 
° M 0
N 
J 
Y 
a 
O 
N 
m 
SM ;r 
z 
0 
n ~ 
i ~ 
S 
c0 
1+') 
C~ 
O 
O 
0 00 
z~ 
00 
~ N 
i 
i ~ 
i 
O 
Y 
0 (~ 
z 0 O 
z O 
~ —
o' 
~n 
N 
o O 
~ r 
u~ — 
O ~ N 
0 
M 
N 
N 
i 
0 
3 
N 
N 
O 
N 
N 
X93 
on 
.~ 
w 
SHAW AND WAITE 184 
Table 1. Total dry and wet areas in Iowa each year and number of 
individual areas making up that total. 
Year Total dry 
area mil 
No, of 
individual 
areas 
Total wet 
area mil 
No, of 
individual 
areas 
19.31 4,668.8 4 0 0 
1932 0 0 18,704.7 3 
1933 2,892,8 1 582.5 2 
1934 13,505.7 1 4,519.7 3 
1935 7,398.6 3 0 0 
1936 31 ,488.5 3 0 0 
1937 2,175.8 5 3,321.3 3 
1938 0 0 4,163,7 7 
1939 0 0 2,729.1 5 
1840 0 0 30,006.3 1 
1941 19,951.4 5 0 0 
1842 0 0 1 ,967,6 6 
1943 0 0 18,516.9 3 
1844 0 0 10,858.8 5 
1945 7,581 ,0 1 466.9 2 
1846 3,975.9 5 2,411.5 2 
1847 41 ,269.5 2 0 0 
1948 1 ,790.6 3 827.8 4 
1949 7,508.7 5 1 ,973.5 3 
1950 5,982,9 1 4,120,3 3 
1951 0 0 21 ,847.8 7 
1952 0 0 7,255.0 7 
1953 17,775.0 2 1 ,930.2 1 
1954 0 0 9,852.9 6 
1955 9,896.1 7 105,8 1 
1956 0 0 8,641,0 4 
1957 875.9 2 2,050.6 4 
1958 2,786.9 2 25,279.7 1 
1959 2,329.6 2 2,074,4 3 
1860 192.5 1 1 ,872,4 3 
1961 62.5 1 4,341.6 7 
1962 0 0 22,213.3 4 
1963 0 0 1 1 ,456.0 8 
1864 224.0 1 3,349.3 4 
1965 3,157.4 2 7,599.0 5 
1966 6,816.1 S 330.7 2 
1967 20,944,0 3 341,0 2 
1968 1 ,1 14.7 2 6,346.6 3 
1969 730,7 1 1 1 ,610,6 6 
1970 5,365.3 4 7,952,0 1 
Total 222,471,0 74 262,590.6 132 
Mean of 
ind. areas 3,010.0 1 ,990.0 
Mean of 
total 
area/year 5,560.0 6,565.0 
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Table 2. Frequency of total dry and wet areas of different 
sizes, 1931 to 1870, Iowa. 
Size in 
county units 
Dry areas 
freq, 
Wet areas 
freq. 
1 county 16 9 
l ,1-2,0 3 2
2.1-3.0 0 0 
3.1-4.0 2 6 
4.1-5.0 2 2 
5.1-6.0 2 2 
6.1-7.0 1 0 
7.1-8.0 0 4 
8.1-g,o 1 O 
g,1-10.0 1 0 
10.1-15,0 5 4 
15.1-20,0 1 4 
20.1-30.0 1 1 
30.1-40.0 3 4
40,1-50.0 0 1 
50.1-60,0 1 t 
60.1-70.0 0 0 
70.1-80,0 1 0 
5-, 6-, 6-, 7-, 7-year interval instead of the prevai l ing 5-, 6-, 6-, 
14-year interval. Grouping of the wet years did not show any regular 
pattern. 
The total wet area for each year averaged 6,565 mil with a median 
value of 3,335 mil -- about a 6-county-size area. Only 5 years had no 
wet areas, and g years yielded total wet areas of county size or smal ler. 
The largest individual area was 25,280 mil in 1958, with that value also 
being the largest total area in the state for any year. The median area 
for the 132 individual wet areas was determined as less than county size, 
i,e „ individual stations. 
During 22 of the 40 years, Iowa had both wet and dry areas within 
the state; 15 of the 40 years had both wet and dry areas in excess of 
county size. The year 1834 had the greatest contrast, with 13,506 mil
of dry area and 4,520 mil of wet area. Three of the 6 years with the 
largest dry areas had some wet areas 
An important answer relating to dry areas and their potential seed-
abi l ity (enhancement or increase of rainfal l versus initiation of rain-
fal l) is the frequency of rain days in the dry areas. Since the wet 
areas would not be considered as requiring seeding, rain days were not 
examined for those areas. Changnon and Huff (1971) found that the mean 
and median percentages of the frequency of rain days for al l locations 
averaged above normal for the 0.1-inch and 0,25-inch rain-day averages 
(Table 3). The mean rain-day frequency for the 0.1-inch and the 0.25-
inch amounts were 122% and 105% of normal , but were only 6g% as frequent 
for days with', 0.5-inch. This was interpreted to mean that low-rainfall 
days were plentiful in the dry areas, 0,5-inch or greater rain-days were 
scarce, and rain enhancement by seeding on low-rainfall days offered 
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considerable possibi l ity. The pattern in Iowa seems different. For all 
levels of rain days selected, the frequencies of rain days in the dry 
areas were 83%, 72%, 58%, and 43% of normal for ~ 0.01 , ; 0.1, > 0.25, and 
0.5 inch, respectively, Low-rainfal l days were reduced, but a relatively 
greater reduction occurred at the higher rainfal l amounts. Dry areas in 
Iowa have shown both a decrease from normal in the frequency of rain days 
and a decrease in the intensity per day. In looking at the major dry areas 
( ~ 5 counties in size), only once in 22 times has the frequency been 
greater than normal in the dry area for the 0.1-inch rainfal l , with no 
occurrence of it being greater than normal for the 0.25- and 0.5-inch 
levels. 
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PILOT KNOB STATE PARK: A WINTER DEER HAVEN I
M. D. Zagata2 and A. 0. Haugen3
ABSTRACT. The deer herd in Pilot Knob State Park and adjacent lands 
was studied to determine winter habitat requirements of deer (Odo-
coi leus virginianus) in the intensively farmed northcentral portion of 
Iowa. The study area provides permanent cover (timber), and the park 
is a refuge. From December, lg6g through Apri l , 1972, 1 ,552 observa-
tions of deer were recorded, with 2.7 deer sighted per observation. 
As human use of the park increased in winter, more deer were seen on 
lands adjacent to (2,710) than inside the park (1 ,552). Sightings de-
creased with an increase in distance from the park. Deer were most 
active during crepuscular periods and at midday. They preferred un-
grazed over grazed timberland for bedding during the day and moved in-
to croplands to feed during evening twi l ight. Deer were often sighted 
moving through open areas located between feeding and bedding sites 
during crepuscular periods. In winter, deer moved into -the study area 
as farmland habitat conditions deteriorated in outlying "regions. In 
spring they dispersed as the land began to "green-up." Road-ki l l data 
indicated two peaks in movement: March-May and October-December. More 
adult males were killed by cars during fall months; more adult females 
were kil led. in the spring period. Fawns on the study area had a 
greater l ife expectancy than fawns in the state as a whole. 
INTRODUCTION 
White-tailed deer were once plentiful along Iowa's wooded waterways 
(Crane 1933). The bl izzard and crusted snow conditions of 1856, more 
intensive land use, and unregulated hunting, however, led to the virtual 
extirpation of the whitetail in Iowa by the latter half of the lgth 
century (Scott 1937). During the early part of the 20th century, deer 
remained scarce in Iowa, but according to Pietsch (1854)` and Sanderson 
and Speaker (1954) deer reinvaded Iowa from Wisconsin and Minnesota in 
the 1g40's. During the late 18g0's and early 1900's, deer had been re-
leased in some parts of Iowa. 
1Journal Paper No. J-7345 of the Iowa Agriculture and Home Economics 
Experiment Station, Ames, Iowa. Project No. 1778. Administered by the 
Iowa Cooperative Wildlife Research Unit, which is supported by the 
Bureau of Sport Fisheries and Wildl ife (U S Department of the Interior), 
Iowa State University, Iowa State Conservation Commission, and the Wild-
life Management Institute. 
2Graduate Assistant, Iowa State University, Ames, Iowa 50010. 
3Leader, Iowa Cooperative Wildl ife Research Unit, and Professor, Iowa 
State University, Ames, Iowa 50010. 
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Sanderson and Speaker (1954) reported that, in 1948, deer occurred 
in al l Iowa counties but four, and that in 1953 the whitetai l was pres-
ent in al l of them, lo~~~a's first hunting season in recent years was 
opened in 1953. A growing interest in the aesthetic and recreational 
value of deer in the state has created a need for more basic informa-
tion 
This study was conducted from December, 1969, through May, 1972, 
to secure information for use in deer management in the intensively 
farmed portions of northcentral Iowa. The objectives were to: (1) 
determine daily, seasonal , and yearly geographical range and movement 
of deer in the vicinity of Pilot Knob State Park, Iowa; (2) determine 
the effects of crop harvest, weather, and hunting pressure on normal 
movement patterns; and (3) secure data useful for effective deer 
management in an intensively farmed area. 
Thanks are due the Iowa Cooperative Wi ldl ife Research Unit for 
funding the study and to Jerry Anderson of the Iowa State Conservation 
Commission for field assistance. Special acknowledgment is given to 
Mrs. Hazel Clausen, Unit Secretary, for manuscript typing. 
STUDY AREA 
Pi lot Knob State Park (PKSP) consists of 368.8 acres in El l ington 
Township (T.97N., R.23W.) Hancock County, Iowa. Approximately 70% of 
the park is timbered. For a more complete description, see Zagata 
and Haugen (1972). 
METHODS 
Intensive field investigations on deer were conducted at the Pi lot 
Knob study area during three periods: December 1969 to February 1970; 
September to November 1970; and December, 1971 through May, 1972. 
Studies were also carried on during weekends and quarter-break recesses 
whi le the investigator was enrol led at Iowa State University. 
An aerial mosaic of the park area and nearby farmlands was pre-
pared for use in recording movement data (Fig. 1). The mosaic was 
divided into 10-acre grids on an acetate overlay, with each square 
numbered consecutively. 
Ten cover classifications were mapped for the study area: un-
grazed timber, grazed timber, cropland, pasture, slough, lake, meadow, 
sumac, bog, and camping and picnicking sites (Fig. 2). 
To determine the effect of the permanent cover afforded by the 
park and its immediate surroundings, three types of movement were con-
sidered: immigration, emigration (dispersal), and migration. 
Immigration was measured indirectly by track counts along gravel 
roads surrounding the area, by aerial counts (Petrides 1953) during 
early and late winter, and by observations of deer during the shotgun 
deer seasons in December. The effect of the park as a refuge during 
the hunting season was studied through observations of deer movement 
along the park border. 
Emigration (dispersal) was studied by tracing movements of tele-
metrous, radio-equipped deer as they left the area. Publ icity alert-
ing people to report sightings of marked deer included a television 
broadcast and numerous newspaper articles. People were asked to report 
sightings of marked deer to the local conservation officer or directly 
to the investigator. 
Information on migrational movement to and from the study area 
also was secured from observations on marked deer, The deer marked in 
the park during winter were occasional ly seen some distance from the 
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park in summer but appeared back in the park the fol lowing winter. 
Deer counts were obtained during daylight hours, by spotl ighting 
at night, and by means of aerial counts. Indirect evidence of numbers 
was secured through track counts along gravel roads (Brunett and 
Lambou 1962), and highway mortal ity trends (Bell is and Graves 1971 , 
Jahn 1959, McNeil 1962, Nixon 1965). 
Each initial observation of one or more deer was recorded as a 
sighting and each sighting of a deer, marked or unmarked, was re-
corded as occurring in the appropriate 10-acre habitat grid con-
cerned. Other data included age, sex, behavioral activity, vegeta-
tion type, topographic condition, time of sighting, and weather condi-
tions. 
RESULTS 
From December, 1968 through April, 1972, 1,552 sightings were 
secured with an average of 2.7 deer per sighting (standard deviation = 
4.2) (Table 1). Deer sighted included 1,899 adults, 2,336 fawns, 857 
antlered, and 3,376 antlerless deer. The deer observed included 1 ,478 
that were bedded but 2,783 were active. 
Eight-hundred and fifty-one sightings or telemetric locations were 
recorded for 13 marked deer. Numbers of deer seen varied by period in 
relation to the number marked, age, and sex (Table 1). 
Table 1. Number of sightings of deer at the Pilot Knob study area by 
period, age, sex, and activity. 
Period 
deer 
Adults Fawns Antlered 
Alessr 
Bedded Active 
All 
deer 
1 774 
2 1 ,127 
3 2,361 
390 
510 
999 
381 
614 
1 ,341 
94 
164 
599 
679 
958 
1,739 
275 
321 
882 
498 
805 
1 ,480 
Total 4,262 1 ,899 2,336 857 3,376 1,478 2,783 
No, of 
deer 
Marked 
1 3 139 85 53 0 138 58 81 
deer 
2 4 163 
3 6 549 
36 
154 
125 
372 
21 
312 
142 
213 
42 
12 7 
119 
332 
Total 851 275 550 333 493 317 532 
During 1968 to 1970, 773 deer were located, with 251 of these out-
side the park (Table 2). For the 1970 to 1971 winter period, 1,129 deer 
were located, with 756 outside the park. The total number of deer 
observed in the winter of 1871 to 1972 exceeded that .for either of the 
previous two years. Of the 2,360 deer located in the latter year, 
1 ,703 were outside and 657 were within the park. More observations of 
both marked and unmarked deer were outside than inside the park 
boundaries. Increased usage of the park by snowmobi lers and free-
ranging dogs may have exerted some negative influence on use of the 
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park area by deer. These outside influences were not constant through-
out the study. 
Deer were sighted more frequently in grid areas closer to the park 
and were sighted more often north (more suitable habitat) than south 
of the park. The number of grid areas where deer were sighted increased 
during each subsequent winter: 1969 to 1970, 61 grid areas used; 1970 
to 1971 , 85 grids used; and 1971 to 1972, 133 grids used. The in-
creased occurrence between 1969 to 1970 and 1970 to 1971 is difficult 
to explain because the populations during both years were about the 
same (45 deer) and both winter conditions seemed simi lar (Table 3). 
Table 2. Location of marked and unmarked deer with respect to Pi lot 
Knob State Park by three periods: 1969 to 1970, 1970 to 
1871 , 1971 to 1972. 
Period 
Deer located inside park 
Marked Unmarked  Total 
No. No, deer 
deer Mean S.D, deer Mean S.D, inside 
1969 to 70 120 1 .36 1.4 402 2.74 4.4 522 
1870 to 71 99 1.14 0.5 274 2.58 3.9 373 
1971 to 72 204 1.37 1.7 453 4.31 7.7 657
Totals 423 1 ,129 1,552 
Deer located outside park 
Period Marked Unmarked  Total 
No. No, deer 
deer Mean S.D, deer Mean S.D, outside 
Total 
deer 
lg6g to 70 lg 1.27 0.8 232 2.76 3.5 251 773 
1970 to 71 64 1.83 2.3 692 3.16 4.6 756 1,129 
1871 to 72 43 5 1.77 2.4 1 ,358 3.97 4.9 1,703 2,360 
Totals 428 2,282 2,710 4,262 
Two possible explanations for the extensive increase in habitat 
usage and subsequent increase in occurrence in grid areas during the 
winter of 1971 to 1972 are: (1) an increase in population from 45 
to 70 deer and (2) a milder winter making travel easier (Table 3). 
Both the population size and the number of grid areas used increased 
by a factor of 1.6 times. 
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Table 3. Total snowfall, number of days with one or more inches of 
snow on the ground, and mean temperature for winters of 
196g to 1872 (winter months include December, January, 
February, and March). 
Total 
Winter snowfall 
(inches) 
Number of days Mean 
with 1 or more temperature for 
inches of snow 4-month period 
on the ground (Q F) 
1968 to 70 44 107 17 
1870 to 71 6g 1 17 16 
1971 to 72 25 98 18 
Deer Activity During 24-Hour Period 
Age, sex, activity, and time of sighting were recorded for each 
of the 4,262 deer seen. Information on activity is presented under 
two classes, bedded and active (Fig. 3). 
More deer were observed bedded at 1000, 1400, and 2100 hours than 
at any other times. Peaks for total sighting of active deer were at 
0600, 0700, 1100, 1700, and 1800 hours, since these were times of 
feeding activity. More deer were observed during the early morning 
and evening feeding periods than during midday because deer moved 
longer distances and in more open cover during crepuscular periods. 
Deer Sightings in Relation to Cover Type and Topography 
A total area of 1 ,540 acres was mapped according to 10 categories 
of cover type (Fig. 2, Table 4). The total number of deer sighted in 
each type, the mean number of deer per sighting, and the number of 
times deer were sighted in any one type are presented (Table 4). 
Acreage for each cover type was computed and used to determine 
the occurrence of deer per 10 acres of a specific cover type (Table 4). 
Results indicate a preference for certain types. Deer showed a higher 
preference for ungrazed timber (4g deer per 10 acres) than they did 
for grazed timber (24 deer per 10 acres). Indication of this preference 
is strengthened when the degree of visibil ity of deer in the two types 
is considered. One could observe more area at a time in the grazed 
timber;therefore, one was more l ikely to sight any deer present, A 
variable not fully accounted for was the amount of fiime spent observing 
in the two areas. Two-thirds of the investigator's time was spent 
in the park, where only ungrazed timber occurs. 
The occurrence index for cropland was smaller than expected because 
the investigator spent considerable time during prime hours observing 
deer in croplands, including observations made from a tree blind, and 
from a vehicle with the aid of a 20,000 candlepower spotlight. Degree 
of visibi lity probably was a significant factor. Although deer were 
easy to sight in the open cropland during winter, they general ly moved 
during crepuscular periods when lack of intensity of l ight l imited 
visibil ity. 
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Figure 3. Activity of sighted deer for each hour during the 
winters of 1869 to 1972. 
The index value for use of meadow habitat was surprisingly high. 
Cover classed as meadow, however, was close to a bedding area within 
the park. As deer moved toward the cropland to feed, they moved 
through the meadow whi le there was sti l l enough l ight to observe them. 
This, plus the lack of cover, made it easy to spot deer moving in 
such habitat. 
On the basis of occurrence per 10 acres, deer often were found 
in sumac and in semiopen areas used for picnicking and camping during 
the summer season. Again, time of day was an important factor as 
deer moved through these cover types on their way between feeding and 
bedding areas during crepuscular periods. 
Deer avoided pasture. The use index for this type is low even 
though deer occurring in this cover would have been easy to spot be-
cause of sparse ground cover. 
When the means for the number of deer seen per observation were 
examined for the 10 habitat types, degree of visibil ity seemed an 
important factor. Means for deer in open areas (cropland, pasture, 
slough) were higher than those for sightings in heavy cover. 
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Table 4, Number of deer, frequency of sightings, mean number of deer 
per sighting, and cover type preference for 10 categories 
of cover type. 
Cover Number 
Mean 
Standard 
Amount 
Fregeuncy number of cover 
type of 
of deer/ 
deviation 
t pe Y 
sighting (acres) 
deer 
Occurrence 
of deer/ 
10 acres 
Ungrazed 
timber 2,1 13 899 2.35 4.0 434 49 
Grazed 
timber 274 109 2,50 2,8 1 13 24 
Cropland 1 ,471 425 3.46 4.8 728 20 
Pasture 138 38 3.63 6.6 156 9 
Slough 47 9 5,22 7.5 25 19 
Laken 7 3 2,33 1.5 24 3 
Meadow 54 30 1.80 1.3 4 135 
Sumac 1 15 43 2.70 2.7 28 41 
Bog 0 0 0,00 0.0 19 0 
Camping 
and 
picnicking 43 16 2,69 1 ,3 13 33 
4,262 
_ 
1 ,540 
a 
Lake was frozen over. 
This indicates that more of the deer present were sighted in open as 
compared to dense cover. It may also have been due to the presence of 
larger numbers of deer in one place whi le feeding in the open areas. 
Response to Hunting Pressure 
Deer were observed moving toward and entering the park after being 
jumped by hunters in outlying areas up to 1 mi le distant. Deer also 
were observed entering the park whenever harassed while in the timber 
to the north. Eleven deer, wounded and pursued outside the park during 
hunting season, escaped by entering the park, a refuge area, Deer are 
very vulnerable to hunting in intensively farmed areas, and, when 
harassed, wi l l move to and through cover unti l they are no longer 
molested. They remain where suitable cover and protection from further 
harassment is found, The value of Pilot Knob State Park as a refuge in 
maintaining a deer herd in open farming country is indicated by these 
facts. 
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Hunting Results 
Iowa law prohibits hunting in state parks but hunting is often 
al lowed on private lands surrounding parks. This is true at Pilot 
Knob State Park. Both bowhunters and shotgun hunters are allowed to 
hunt on land surrounding the park and both types of sportsmen hunt the 
area intensively. At least 50 treebl inds are known to exist in 
approximately 80 acres of privately owned timber adjacent to the park's 
northern boundary. 
The bowhunting season for deer lasts about 2 months, the gun 
season 2 days. Because of the long season, the investigator had 
opportunity to sol icit the bowhunters' help in securing data regarding 
deer movement and hunter success. 
Five deer were known to be bagged by shotgun hunters in the 
vicinity of the park in 1869. Of 20 known bagged in 1970, 10 were 
taken by bow and 10 by shotgun; 22 were harvested in 1971 , 17 by bow and 
five by shotgun (Table 5). Although the sample size was small, 
selection for adult bucks by bowhunters (15 adult bucks out of 27 deer 
kil led) was obvious. On the average, only one of four deer in the 
population is an adult male. Amore random harvest by shotgun hunters 
was found. This is to be expected from the greater shooting distance 
involved and the short season. 
Table 5. Deer harvested in the vicinity of Pilot Knob State Park, 
Iowa, by bow and shotgun hunters during 1969, 1970, and 
1971 seasons. 
Bow Hunters Shotgun Hunters 
Total 
Adult Juvenile Adult Juveni le 
Male Female Male Female Male Female Male Female 
1969 4 1 5 
1970 4 3 1 2 4 2 2 2 20 
1971 l l 2 2 2 1 2 1 1 22 
Total 15 5 3 4 5 8 4 3 47 
The deer harvest for Iowa shows that during 1970 and 1971 fawns 
provided more than 45% of the kill (Gladfelter 1972). Fawns consti-
tuted 35% of the kill for bowhunters and 47% for shotgun hunters who 
hunted near the park. Seemingly, bowhunters were more selective for 
older deer. 
Highway Mortal ity 
During 1970 and 1971, 90 deer were known to have been ki l led by 
automobi les in Winnebago and Worth counties (data from Wi lfrid Macheak, 
local conservation officer). Those killed included 23 adult males, 30 
adult females, 20 male fawns and 17 female fawns (Table 6). Nine of 
the road-killed deer were not identified by age or sex or by both. Ki lls 
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Table 6. Summary of highwayamortal ity of deer for 1970 and 1971 by 
month, age and sex . 
Month 
1970 1971 Total Total 1970-1971 
Adult Fawn Total Adult Fawn Total 1970- Adult Fawn 
M F M F 1970 M F M F 1971 1971 M F M F 
Jan. 1 0 1 0 2 0 0 1 0 1 3 1 0 2 0 
Feb . 0 2 0 1 3 0 0 0 0 0 3 0 2 0 1 
Mar. 1 3 1 1 6 1 7 2 0 10 16 2 10 3 1 
Apr. 1 0 3 3 7 1 0 1 2 4 1 1 2 0 4 5 
May 2 3 0 0 5 2 2 1 0 5 10 4 5 1 0 
June 2 1 0 0 3 0 1 0 0 1 4 2 2 0 0 
July 0 1 0 0 1 0 0 1 1 2 3 0 1 1 1 
Aug. 0 0 0 2 2 0 1 0 0 1 3 0 1 0 2 
Sept . 0 0 1 1 2 0 0 1 0 1 3 0 0 2 1 
Oct . 1 1 2 0 4 0 0 0 0 0 4 1 1 2 0 
Nov. 7 5 0 1 13 3 0 3 2 8 21 10 5 3 3 
Dec. 1 2 2 2 7 0 1 0 1 2 9 1 3 2 3 
Total 55 35 90 23 30 20 17 
aData obtained from the records of Wi lfrid Macheak, conservation 
officer for Winnebago and Worth counties. 
occurred mainly during two annual peak periods, March to May and 
October to December. A total of 37 road-killed deer were reported 
for the 1970 and 1971 spring period, including 15 adult females, 
8 adult males and 14 fawns (Table 6), This contrasts to the fall 
period when 34 deer were kil led (Fig. 4), consisting of 9 adult fe-
males, 12 adult males, and 13 fawns, More adult females were killed 
in spring, whereas more adult m31es were killed during fall, The 
seasonal roadkil l periods correspond to two periods of increased move-
ment: (1) by adult females in spring and preceding the fawning period 
and (2) by males in the fal l rut, Juveniles appeared equally vul-
nerable during both periods. 
Generally, for the whole state, the fal l roadkill exceeds that for 
spring (Gladfelter 1972). The fact that this does not appear so in the 
Pilot Knob area suggests that deer, which concentrate in the park during 
winter, suffer a higher rate of mortal ity as they disperse into the 
farmlands in spring. 
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Figure 4. Summary of highway mortal ity for deer ki l led in Winnebago and 
Worth counties during 1970 and 1971. 
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Life Expectancy 
Lower jaws were col lected from 51 deer ki l led by hunters or by 
cars during the lg6g to 1972 period, and age was determined by tooth 
wear characteristics (Severinghaus 1849). The ages of deer from each 
of the 3 years were grouped in a time-specific l ife table as recommended 
by Quick (1863) (Table 7). 
Table 7. Time-specific l ife table for deer ki l led in the vicinity of 
the Pilot Knob State Park study area (Quick 1963). 
Deer 
Age Deer kil led 
class kil led per 
1 ,000 
Deer 
surviving 
per 1 ,000 at 
beginning of 
age class 
Mean 
number 
Mortal ity al ive Mean 
rate between l ife 
age expectancy 
classes 
x d'x dx lx qx Lx ex 
Fawns 15 429.0 1 ,000.0 0.429 785.5 1.78 
1-1/2 6 171.0 571.0 0.2gg 485.5 1.75 
2-1/2 6 171.0 400.0 0.427 314.5 1.04 
3-1/2 5 143.0 229.0 0.624 157.5 0.87 
4-1/2 3 86.0 86.0 1.000 43.0 0.50 
The fact that jaws from deer in the 3-1/2 and 4-1/2 year-old 
classes were collected indicates that deer in the study area were not 
as vulnerable to hunting as those in some other regions of Iowa. Life 
expectancy for fawns was 1.78 years. For Iowa as a whole it is 1.4 
years and for management zone 5, which includes the park, 1.52 years. 
Although the sample size was small , a greater l ife expectancy is indi-
cated for deer in the fawn through 3-1/2-year old age classes in the 
vicinity of the park. 
Because the mortal ity rate for fawns was 43% and death was evenly 
distributed between males and females, 21.5% of the female fawns died 
during the period. Prel iminary information from another study by the 
Iowa Cooperative Wildl ife Research Unit indicates that 75% of Iowa's 
fawns breed. Thus, the 21.5% mortality rate among fawns has signifi-
cant impact on the abil ity of the population to increase. 
For yearl ings the mortal ity rate was lower, 30%, but increased 
for older age groups. No animals older than 4-1/2 years were identified. 
Frequency of Occurrence of Group Sizes 
Seven categories were establ ished to represent the numbers of deer 
per group sighted. Numbers ranged from one to more than six deer per 
group. In all three winters, lone deer were sighted most frequently 
(Table 8). For all three periods, groups of two or three deer were 
sighted about the same number of times (247 and 207, respectively). 
Frequency of sightings decreased steadily as g ro up size increased up to, 
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Table 8. Frequency of occurrence of deer in seven categories of group 
size by period. 
Group size 
(No, of deer) 
1969-1970 
frequency 
1970-1971 
frequency 
1971-1972 
frequency 
Total 
1969-1972 
over 
1 
2 
3 
4 
5 
6 
6 
Total 
181 
63 
47 
25 
6 
3 
g 
240 
g2 
51 
21 
14 
3 
26 
447 
426 
g2 
109 
53 
22 
17 
72 
791 
847 
247 
207 
99 
42 
23 
107 
334 1,572 
but not including, the category for more than six deer in a g ro up. 
The increase in sightings at this upper level can be explained by con-
sidering when these large groups were sighted. General ly, groups of 
more than six deer were sighted together whi le feeding in open crop-
lands at night. Groups of this size were not found bedded together 
during the day, 
A chi-square test was used to see if there was a significant 
interaction between the frequency of occurrence for group size and 
period. The results were significant, indicating that the frequency 
of2sightings by group size was not consistent during the three periods 
(X = 39.1, 12 df, Prob. X2 0,05). A nearly equal ratio would be ex-
pected in a closed system, or more real istically in a situation where 
deer were endemic to an area. In this situation an influx of deer 
occurred during each winter. Deer outside the park are very vulnerable 
to hunting and as a result the composition of the herd inhabiting the 
park each winter is subject to broad fluctuation, 
Aerial Census 
Aerial flights to count deer in the park and on land immediately 
surrounding it were made during early and late winter in 1969 to 1970, 
1970 to 1971, and 1971 to 1972 (Table g). In each year more deer were 
observed in and around the park in late winter than during early winter. 
This suggests that deer left less suitable private farmland habitat as 
winter progressed in favor of better habitat in the park. This was 
especial ly evident in the winter of 1971 to 1972. An aerial count made 
on December 3, 1971, 1 day before the opening of the shotgun season for 
deer, revealed 35 deer in and around the park. Five were subsequently 
ki l led by shotgun hunters and one by a bowhunter, leaving 29 deer in the 
area, An aerial count taken on February 15, 1972, however, revealed 
69 deer in and around the park. 
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Table 9. Results of aerial counts of deer made during early and late 
winter during 1969 to 1972 at the Pilot Knob study area, Iowa. 
Winter 
Early Winter 
Inside Near Total 
park park 
Late Winter 
Inside Near Total 
park park 
1969 32 9 41 30 16 46 
1970 30 9 39 49a
1871 24 1 1 35b 34 35 69 
a 
Count made by a conservation officer, 
bCount made prior to the shotgun season for deer, 
Yearly Range and 
Movement 
Three types of movement involving a yearly change in range occurred 
at Pilot Knob: emigration (dispersal), immigration, and migration. 
Emigration 
Five marked deer were known to have emigrated from the park between 
1968 and 1972, They included one male fawn, two female fawns and two 
adult females, Distances moved varied from 1 to 110 miles and occurred 
in each of the directions except to the north (Fig, 5). These results 
disagree with reports by Carlsen and Farnes (1957); Hahn and Taylor 
(1950); Progulske and Baskett (1958); and Thomas, Teer and Walker 
(1864), who found that deer generally do not move more than 2 miles 
from their capture site; but they agree with Haukins and Montgomery 
(1969); Hawkins, Kl imstra and Autry (1971); Pietsch (1954); and 
Sparrowe and Springer (1970), who found that subadult males moved 
farthest, 
From records of marked-deer sightings in spring, dispersal appears 
to occur along the waterways, which provide the only cover during 
spring. Pietsch (1954) and Sparrowe and Springer (1970) found this 
true in areas where land practices are similar to those practiced on 
the study area, 
Immigration 
Aerial census counts, roadkil l trends, and telemetric and sight 
observations indicated that deer moved into the park as a result of 
hunting pressure on surrounding farmlands, and as crops were harvested 
and thereby denuded the fields of cover, 
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Figure 5, Map showing dispersal of deer from Pilot Knob State Park, 
Iowa. 
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Migration 
Two deer, both adult females, were known to have left the park in 
spring and returned the fol lowing winter. A yearl ing female (Channel 
3), when marked in the winter of 1969 to 1970, left the park in spring, 
The doe and a fawn spent the summer west of the park. In late winter 
she and a fawn were observed feeding immediately north of the park. 
She was sighted west of the park the following summer and returned a 
second time late that fal l. A doe (Channel 2) remained in the park as 
a yearl ing. In the summer of 1971 she was observed west of the park, 
When fal l came, she was back in the park. 
SUMMARY AND RECOMMENDATIONS 
Of the 4,262 deer sighted, 2,710 were seen outside and 1,552 in-
side the park. In the winter of 1971 to 1972 more deer were located 
outside than inside the park. Increased use of the park during winter 
by snowmobi lers and free-running dogs may have l imited the extent of 
use of the park area proper. Deer were sighted more frequently in the 
10-acre grid zones located close to the park than in more distant ones. 
Ten-acre grids, consisting primari ly of cropland and located north of 
the park, were used more frequently by deer than similar grids south 
of the park. More grid areas were used during the winter of 1971 to 
1972 than in either of the two previous winters. Mi lder weather and 
a substantial increase in the deer population during late winter 
probably contributed to this expansion in area use. 
Deer exhibited three major periods of activity: at dawn, midday, 
and dusk. A higher percentage of deer observed was found bedded, as 
opposed to active, during periods prior to and fol lowing daily peak 
periods of activity. 
Animals observed during the study demonstrated a preference for 
ungrazed as opposed to grazed timber for bedding. They avoided open 
pasture and used sumac, an edge species, for cover whi le moving to and 
from exposed feeding areas during crepuscular periods, Major trai ls 
used by dept while travel ing between bedding and feeding areas were 
shifted sl ightly each winter in response to changes in the crop pattern 
on adjacent farm fields. 
Deer in the vicinity of the park were seemingly less vulnerable 
to hunting and other mortal ity factors than deer in other areas of 
Iowa. Fawns on the study area were found to have a l ife expectancy 
of 1.78 years. For the state of Iowa, l ife expectancy for fawns is 
1.4 years (Gladfelter 1972). This is true despite heavy hunting 
pressure adjacent to the park. Deer were found to move into the study 
area during winter, resulting in an increase in herd size. Frequency 
of observation of deer in various group sizes differed significantly 
by period. This indicated that deer were not occurring as often in 
structured fami ly groups as would be expected in a closed system. 
Possibly the influx of deer from surrounding areas during winter con-
tributed to this. Many of the immigrating deer no longer belonged to 
family groups after the hunting season. 
Deer demonstrated a need for both timber and cropland. At present 
the cropland surrounding the park is adequate for winter feeding needs. 
Changing economic conditions in the area and increased emphasis on out-
door recreation, including camping, however, pose a threat to the status 
quo of the park habitat, 
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Land bordering the park is already being scrutinized by speculators 
and is being developed for residential and recreational purposes. The 
remaining timber and cropland bordering the northern boundary of the 
park should be secured by the state to serve as a buffer against develop-
ment peripheral to and within the park. This land could be devoted to 
meeting the food and cover needs of wildlife and at the same time in-
sure Eugene Secor's dream of 1924; "May the Knob never be tarnished by 
artificial ity" (Iowa State Board of Conservation 1925). 
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